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Section I

Introduction

The primary objective of sparing procedures as applicable to the

task assignment is to maintain an acceptable level of spare parts input

into a system while keeping within prescribed boundaries of cost. The

aforementioned objective, simple as a goal, assumes a greater complexity

with the imposition of conditions and restrictions,

For this task there is the necessity to comply with the Navy's

supply procedures for spare parts. This requires as a minimum,
abiding by the requirements set up for items or components that are

classified as critical, demand and insurance items. Maintenance policy

such as repairability at the source must be considered in addition to

the possibility of other constraints such as weight and cube. Stocking

at various levels of supply (ship, mobile support forces and depot),

and compliance with mission time and mission function have to be con-

sidered.

The function of the sparing models or methodologies for electronic

equipments for this task should have the following criteria:

1. compliance with the Navy's supply procedures
2. maintaining levels of spare parts

3. abiding by cost constraints

4. administrative ease.

Methodologies for spare part procedures are abundant. However,

they span the spectrum of the area of logistics ranging from those that
are all encompassing to those that apply to specific areas. It will be

necessary to separate the methods that are applicable to this task from

those that are not.

It should be emphasized that it is not so much a case of new sparing
models or methodologies that are needed as the application of those

that exist. However, the existing models often have to be adapted

to the criteria or goals that are specified.



Section II

Task Statement

Thetask for aCutratt-J0039-79 C-0181'requires a survey and
assessment of models or decision rules applicable to the determin-

ation of spare parts levels for Navy electronic equipment be made.

This survey agreed to include a search of pertinent literature pub-

lished subsequent toll January 1974, together with such other sources
deemed appropriate by contractor to establish a list of available

sparing models.

Models are to be evaluated and ranked according to criteria

to be jointly determined by procuring activity and contractor.

A report is to be furnished, in ten (10) copies, detailing:
1. Those models determined to be appropriate for use,

listed in order of desirability
2. The criteria used to evaluate and rank the models,

3. Copies of descriptive material on the top ten ranked

models,

4. List of sources investigated.

'YThe models determined to be appropriate for use, listed in
order of desirability are contained in Section VI. The criteria for
evaluating and ranking applicable models are contained in Section

III (Area of Task). Copies of descriptive material on the top ten
ranked models are listed in Appendix A and the list of sources are
listed in the Bibliography and Literature Evaluation Form A

p II-1
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Section III

Scope of Effort

Area of Logistics

This task falls into the broad area of logistics. In order to gain

a perspective of the task in relation to the area of logistics, it would

be feasible to specify some of these areas.

The following are functions associated with the process of logistics:

1. budget decisions

2. procurement

3. acquisition

4. distribution

5. maintenance

6. management.

These functions are interrelated and compounded by problems such

as modes of transportation, facilities, man power, duplication, supply

level, economical management. producibility, performance, centralization,

and safety.

The area of logistics is broad and multifaceted while the task

assignment is limited in scope. In order to cope with the task assign-

ment, the area of logistics will be arbitarily partitioned by a procedure

depicted under Approach (Section IV) in order to classify models and

eliminate those that do not pertain to the task assignment.

Area of Task

Provisioning, excluding the various facets of spare management

such as storage, transportation, and reordering policies, reduces to

providing adequate levels of spare parts at reasonable cost. Therefore,

the sparing procedure should take into consideration

1. provisioning effectiveness

2. cost evaluation (weight and cube could be considered).

The methodologies or model required to achieve the above ends

could be done by hand, the use of tables, or computerized calculations



or combination of these procedures. Additionally, the model must be

capable of complying with the Navy's supply procedures, that is;

the model should be capable of providing for the requirements of criti-

cality, demand insurance items, and infrequently used items. The

model should be mission oriented while abiding by a normal usage con-

cept. The model should be what is called a static in contrast to

a dynamic one, that is; the time interval under consideration within

the model would not be partitioned and the methodologies for the time

intervals would not change. In addition, it would be feasible to

have spare support at three levels:

1. organizational level of supply -- spares carried aboard

ship or at the equipment site

2. intermediate level of resupply -- spares carried aboard

the mobile logistics support force and selected shore activity

3. depot -- spares located at the depot.
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Section IV

Approach

The approach to the task involved a review of literature sources

to determine whether the material was applicable. In order to accomp-

lish this, it had to be determined what kind of models were being

considered, the scope of the models and Whether they were applicable

to the task. This was accomplished through the use of three forms which

subsequently will be described.

Initially, the breakdown of the approach to the logistics problem

can be categorized as follows:

1. stochastic (proDabilistic, statistical)

2. deterministic (algorithms, mathematical)

3. empirical (rule of thumb, historically practical).

Many models have features of more than one of the above categories.

The one that is most pertinent will be the one under which the approach

will be classified. Essentially, the task would be concerned with the

stocastic approach in that, in general, uncertainity underlies the sparing

process. The stochastic procedures involved would depend upon underlying

processes and assumed distributions. For provisioning models input

distributions could be exponential, negative binomial, Poisson, Weibull,

or possibly some other type. Feasible deterministic procedures will be
reviewed as well as empirical procedures.

The problems of logistics for this task can be broken down into

five general areas:

1. forecasting

2. inventory control and procurement procedures
3. distribution

4. maintainability

5. availability

Not considered are areas such as producibility, safety and technical

performance.

The area of forecasting generally involves stocnastic processes and

procedures and would have a bearing on the other four above mentioned

16- !



areas. The stochastic procedures would depend upon the distribution of

the underlying random variable such as the Poisson. normal and negative

binomial distribution. Algorithms or procedures that constitute method-

ologies would fall in this area.

The areas of inventory control and procurement procedures which

encompass management budget decisions and acquisition are embedded in

the economics of ordering quantities of items. The approaches or

methodologies depict various processess which are classified as%

queing models or systems, game theory, optimality theory, operations

research, and markov processes (see References in bibliography).

The area of distribution would involve problems such as trans-

porting, lead times for ordering and location of distribution points.

Methodologies concerned with such problems are linear programming, net-

work theory, dynamic programming and various specialized algorithms.

The area of maintainability would involve the determination of

type, quantity, and extent of maintenance which must be incorporated

in the logistics system as well as factors such as manpower, test

equipment and technical support. Basically, a system is considered

maintainable within allowable time and personnel skills. The objective

is to keep the system in operational condition. There are many papers

In the literature concerning the multitude of problems involved in the
area of maintainability. Analytic methods could be in the areas of

renewal theory, operations research or the Bayesian approach.

The area of availability involves the satisfactory operation

In time of equipment(s)/system(s) when used under state conditions.

Involved in this concept are operating time, active repair tinie,
administrative time and logistic time. Provisioning effectiveness

contributes to availability.

The five areas depicted above represent a general breakdown of

the logistic process. Some of the methodologies described under these

areas could and do span more than one area and in some cases serve as

4 -. IV-2



models for an entire logistic system. It is not necessary or desirable

to get involved in the various aspects and details of the methods that

are applicable to the problems of logistics. The purpose it to layout

the framework of logistics into which the task statement under consider-

ation could fall.

In order to classify the material which comes under review, three

forms for literature review have been developed (see Forms A, B, and

C, pages IV-5 through IV-7):

1. Form A -- This form provides for the listing of the

(a) literature sources investigated, (b) whether

the material is applicable to the task, (c)

the three types of analysis depicted above

(stochastic, deterministic and empirical), and

(d) the five general categories depicted under
areas of logistics above.

2. Form B -- This form is more detailed and supplementary to

form A. Listed is a description of the

purpose, background, model, inputs and outputs,

as well as comments concerning the literature

source.

3. Form C -- This form is a supplement to forms A and B. It

lists the literature sources that are approp-

riate to the task assignment. It describes
the provisioning model, the mode of calculation

(hand, tables, computer), details the kinds of

inputs and outputs.

If the literature source material does not fit the requirements of

the task statement, in general, only form A will be completed. If the

literature source investigated meets the requirements of the task state-

ment or partially meets the requirements, the material will be reviewed

further and the results will be summarized according to the layout of

form B. If the literature source has an applicable model, it will be

listed on form C. Form C as well as forms A and B are used to

describe and evaluate models that are found applicable to the task

statement.
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The approach to the task would be to review the literature

sources based upon the above procedures and to classify the reviewed

logistics models as follows:

1. not part of the task assignment

2. part of the task assignment

3. related to the task assignment.

The feasibility of following such an approach would be that

areas not germane to the task assignment can readily be eliminated

while those that are pertinent can be reviewed in detail.

IV-4
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Subject:

Literature Source z

Purpose:

Background:

Model:

* Input:

Output:

Comments:

FORM B
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Section V

Description and Evaluation of

Applicable Models

Kinds of Models

Numerous abstracts were examined for source material (see bibli-

ography for material reviewed). There were over 125 articles that

appeared to be related to the task assignment that were procured through

the abstracts, only 74 articles were found to be pertinent. The number

that were found to be most related to the assignment was approximately
20. In addition, several texts were reviewed that contributed to the

general concepts that are incorporated in this report.

Most of the methodologies that were found applied to the areas

of inventory control, procurement procedures, distribution and main-

tenance. Many of the approaches were economic models which emphasized

cost minimization in the areas of ordering, procurement, shipping,

holding and shortages. Other models were time oriented with emphasis

being placed upon resupply time, ordering times, and lead times and

associated with some of these times were various echelons of supply

(i.e., ship, tender, depot) and stocking levels. Still other models
provide solutions to specific types of problems such as shelf life
deterioration, canabalization and handling parts that have demand

rates over one (1) year.

The models that relate to the requirements as specified in the

Scope of Effort of Section III are listed below. The models incor-

porated probabilistic functions, namely; the normal, negative binomial,

compound Poisson, and the Poisson:

Probabilistic Function Title Number (Form A)

Navy Model (normal and Poisson)

Current (FMSO, OPNAV 4441.12A. 9. 40, 15, 61
APL, FLSIP)

Proposed (Tender) 10
Proposed (Low Usage Items) 14

V-1



Probabilistic Function Title Number (Ferm A)

Normal 13, 30, 32, 60

Negative Binomial 36, 37, 38

Poisson (Compound) 8

Poisson (Monte Carlo) 31

Poisson 20, 26, 18, 7, 11

Scope of Models

The evaluation of the applicable models must be done in terms

of criteria of this task. Under Scope of Effort in Section III,

the criteria for a model would be:

1. provisioning effectiveness

2. cost evaluation (cube and weight should be considered)

3. compliance with the Navy's supply procedures

4. provisioning at three levels of supply:

a. organizational (equipment/system or ship)

b. intermediate (mobile logistics support force or tender)

c. depot.

The selected models will be matched against the above criteria

and evaluated in terms of whether they meet the criteria, and if not,

what the shortcomings are.

Navy Models'(current and proposed)

The first probabilistic model to be evaluated, as depicted in

Section V under Kinds of Models, will be the Navy Models (curent and

proposed). The current FMSO model is simple: If the average demand rate

for a part application (URp) for a three (3) month period (based essentially

on historical data) exceeds or equals 1, the applicable model will be

based on the normal function. If the demand rate (DRp) is less

than 1, the applicable model will be based on the Poisson function.

Sparing for parts is based upon the formula:

TRP +  tp p

*L ~ ~~~V-2 .. .. ....



where tp is a risk factor and p is the standard deviation of the

part type. The tp factor (risk factor) takes into consiceration many

elements, such as item cost, requisitior sizes and demand for items.

In addition, an effectiveness goal concept based on satisfied and un-

satisfied load list requisitions is used to adjust the tpfactor for

costs of overstocking or understocking stock levels. Also, the

concept of criticality can be appliea through the t Pfactor. Judge-

ment and budget constraints could work through the criticality concept

to add or take away from the t factor that would ultimately affect
p

stock levels. The same procedure is used when applying the Poisson

model, except that a table lookup procedure could be used. The Navy

uses the model for submarines and tenders.

According to OPNAV 4441.12A (title 40) and the allowance parts

list (APL) (title 15) the basic resupply procedures are dependent upon

the following classification of items:

1. demand based items -- those used aboard ship at least

once during a 90 dmy period, has a .90 probability of

filling total demand for these items over the entire

operating period

2. insurance items -- those which have a demand of .25 or

greater usage in 1 year but less than a demand base

item will be selected only if essential to the support

of equipment considered vital to the ship's mission

3. long life item -- those having a demand .25 or less

in one year

4. technical override items -- those used to support a

newly deployed equipment

5. military essentiality code (MEC) items -- currently

there are two classifications for these items - critical

and non-critical with most items being classified as

critical (over 90%)

6. best replacement factor -- incorporated in the current

Navy procedure,it is the basis for the calculations

of the above items and is defined as: A weighted average

which takes into consideration recent demand data, older

demand data and the initial technical estimate of usage.

V-3



4A

The OPNAV 4441.12A and the APL procedure are incorporated into

the FLSIP (fleet logistics support improvement program) and are used

for provisioning purposes. The procedure is depicted in title num-

ber 61 and is used for all Navy provisioning (other than that for sub-

marines and tenders).

Refering to Table I, Navy model titles 9 (FMSO) and 61 (FLSIP)

it will be noted that provisioning effectiveness and evaluation of

cost, %eight and cube are not considered in the current procedure.

The provisioning effectiveness and cost constraints are approached

indirectly through the risk factor (t p) and gross and net effectiveness

(for definitions of gross and net effectiveness see the Glossary).

Without an effective methodology for determining the depth and range

of parts as they relate to equipment/system,stockage of parts will

be a unresolved problem. In other words, as depicted in the FMSO

and FILSIP models,stockage is not based on a model which simulates

the equipment/system but rather utilizes a per unit or part demand base.

Title 61 is a procedure used for computations of FLSIP COSALS.

This procedure is rooted in OPNAV 4441.12A (title 40) and the APL (title

15). The Poisson function is used for depth computations for items

to be provisioned.

Title number 15 is not a model. It merely describes the pro-

cedures used by the Navy for stocking shipboard parts. It is a refer-

ence for the provisioning and supply procedures and requirements for

the Navy.

Title 10 is a proposal for stocking at the tender level. The

purpose was to develop tables for provisioning technicians that would

be easy to use. The tables were designed to allow for purchase of

low cost items by provisioning technicians that are limited to $100.00.

Title 14 is a proposed procedure for sparing long life parts.

This procedure would allow for long life items (those that have a demand

rate that is less than insurance items) to be spared for a hull or

tender. The current Navy model makes no provision for sparing items

with low demand rates. The proposed method of title 14 would allow

for the sparing of such items within certain cost constraints.

V-4
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The shortcomings of the Navy models (FMSO and FLSIP ) are:
1. The provisioning effectiveness concept is not in

either model. Indirectly the gross and net effectiveness con-

cept contribute to a kind of provisioning effectiveness. The

Navy's models are parts oriented (probabilities for depth only

are assigned) rather than for equipment/system. If a model

(stocastic) were used for provisioning on an equipment/system

basis that incorporated the interaction of both range and-

depth for provisioning a probabilistic measure call provisioning

effectiveness woulO be obtained.

The reliap xi upon historical data, as is being pursued

currently by tht Navy is adequate provided that the units do

not change appr.,p'.)Iy in failure characteristics and demand is

relatively constant over time. However, for electronic equip-

ments and new equipments where the demand history for items

could and likely would be inadequate for provisioning the over-

all equipment/system approach is feasible.

2. The t pfactor in the FMSO model provides for cost evalu-

ation through penalty factors for overstocking and understocking.

However, the estimate for such penalty factors are subjective

and the approach moves towards an emphasis on budget constraints.

The model is geared to a cost effectiveness model rather than

a mission effectiveness model.

3. The current models (FMSO and FLSIP) have no overall

evaluation standard. Unless provisioning is measured in terms

of mission effectiveness or a similar mode, the current approach

will be open to question. The problem synthasizes to one of:

Will cost effectiveness take priority over mission effectiveness

or will cost effectiveness be a subset of mission effectiveness?

4. The military essentiality code (MEC) for FLSIP has

two classifications (critical and non-critical). It appears

that most items are classified as critical (over 90%). Wtth

this approach a viable procedure does not exist for provisioning

for the range of items.

V-6



5. In effect FLSIP employs a Poisson function for deter-
mining part depth where the following equation is used:

ALLOWANCE ITEM = MEAN (ITEM) + 1.28 #MEAN (ITEM)

For a COSAL this procedure for calculating depth parts is over-

simplified.

Normal Models

There is a kind of evolution in the development of the normal

model starting with title number 13 through 30, 32, and 60. The

original concept was developed in title number 13. The approach was

based on the central limit theorem with an assigned provisioning prob-

ability goal. Title number 30 expanded the concept of title number

13 to include the equipment/system availability. The author of title

number 30 amplified and clarified approaches that were incorporated

in title 13. Title 32 indicated a methodology not fully developed
according to the author, for stocking a hull with constraints of cost,

weight and cube.

The author of title 60 tested the model of title 13 and 32 above
using a computer. Basically what was found was that the results were
eratic. Certain distributions were skewed with the result that stocking
was mostly too high. If the number of components (or processess
per system as they are called) increased and if the operating time in-
creased, then there was an improvement in results.

A weakness in the approach that seemed to be ignored was the
basic central limit theorem concept, that is; the density function of
a sum of independent random variables approach the normal density function
regardless of the type of density function each of the variables had.
The word random refers to the samples that would make up the resultant
normal denisty function. These samples must be selected uniformly from
the various distributions to generate a resultant normal distribution.
Invariably, this is not the case. Each part that fails represents

V-7



a part from a density functicn. There are as many density'functions

as part types (assuming that the process that produces these parts are

in a state of statistical control) and the frequency of failure for

part types are different. As a result, adherence to the central limit

thereom is not achieved. In addition, the theorem upon which this

approach is based states that the independent random variables must

be sufficiently large (whatever large means) and that approximate

normality will result. In the examples of title number 60, for

small systems where the sample numbers were small, the weakness of

the approach was borne out, the prediction for spare parts was poor.

The authors of the approach ignore the practical aspects of the

technique in that the random concept seems difficult to handle, esp-

ecially for small systems where the results are unreliable. What

would be needed would be either a weighting technique to overcome

the random problems or using a procedure that relys upon the distri-

bution of sample means. Regardless, at this point in time, the

following problems with the concept are evident:

1. it is unreliable for small equipments

2. a procedure must be developed to cope with the

concept of randomness

3. the approach requires that the process generating the

parts be statistically stable

4. the methodologies in the various write ups (title num-

bers 13, 30, 32, 60) would have to be merged to meet

the requirements of the task

5. the approach would, for practical purposes, have to be

computerized

6. a test procedure would have to be employed in order to

determine whether the assumptions of normality is

violated and if so, what procedure should subsequently

be followed.

Negative Binomial Model

Title numbers 36, 37 and 38 concern the POLARIS logistics model.

It is a cost oriented model for a hull. Actually, it is called a

V-8



loss minimization model. Included in the model are penalty factors

for overstocking and understocking as well as scaling or weighting

factors similar to the t factor for the Navy's FMSO model (title num-

ber 9). The procedure is based upon demand data and is oriented to

mission times of 2 to 3 months. Utilizing a coefficient of variaticn (in

this case ratio of the sample mean to the sample variance) for part types the

negative binomial distributions approximates the Poisson for values

less than or equal to .75, the exponential for values equal to 1 and

the normal and gamma for values greater than 1. The coefficient of
variation in effect is a hazard rate which in essence allows for

approximating the Weibull distribution. The model can be applied

te new parts that belong to a certain class, without any demand history

of these new parts and it can be applied to cases for low demand

items.

A minimization procedure for cube, for example, requires a demand

rate, the associated standard deviations and the associated holding and

shortage cost ratios. The procedure requires having the allowance

list of components in a priority sequence of nondecreasing essentiality

(defined in a subsequent paragraph) in order tc calculate a minimum

cube. The process is an iterative one for approximating the total

cube required. Adjustments would have to be made in assigned weighting

factors for shortage and holding costs to derive a total cube that meets

specified requirements. The entire allowance list would be determined

by iteration through individual minimization of loss function (over-

stocking and understockage). A computerized approach would be required

for this model beacuse of the volume of components involved.

A military essentiality code for items had teen developed. A

rating procedure was proposed ordering parts in importance to system

mission. This was done in terms of probability values for 27 cate-

gories of items.

The model is cost oriented with built-in overstocking and under-

stocking penalties. It is a component oriented model based upon the

negative binomial distribution just as the FMSO model is based upon

the Poisson and normal distributions.

V-9



The shortcomings that apply to this model are:

1. Much subjective judgement can be injected into the model

when determining penalty cost values for overstocking
and understocking. The analysis of cost losses from over-

stocking and understocking can vary substantially, depend-

ent upon the interpretation of contributing factors to

such lossess.

2. A question arises concerning how cost minimization re-

lates to mission success. Indirectly, if cost minimi-

zation worked properly more funds would be available

for provisioning. However, there is no provisicn in

the model, except indirectly for measures of mission

success.

3. Currently, items are precluded from being provisioned,

especially when demand for them is low. The fact

that certain items are not provisioned on one mission

does not mean that they should not be provisioned on

subsequent missions. No solution for this condition

exists in the model. The claim is made that low

demands could be provisioned but no perceivable pro-

cedure is described.

4. The scale values (weighting factors), like the tpvalue

for the FMSO model, serve as a dumping §round fcr un-
resolved factors. It serves much like a cranking

device to increase or decrease spares in an endeavor

to match demand. How well the procedure works has yet

to be resolved.

5. The sarips concept for provisioning especially in rela-

tion to electronic equipments is not considered for

range and depth of spare parts. For example, assume

demands for parts are independent and the sparing

procedure calls for the provisioning of parts for a

three month mission with a probability of .90. If,

for illustrative purposes, there were eight part types

that were vital to the mission then the probability

of not having sufficient vital spares would be (.90)8
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or .43. With an increase in the number of vital parts,

it can be seen that mission success deteriorates rapidly

without an adequate range and depth of spare parts.

6. The model is a cost oriented model and demand oriented

model designed for provisioning a hull. It is not

mission oriented and not well suited to meet the criteria

of provisioning electronic equipments.

Poisson Model

Title number 8 was cited to illustrate the use of a compound

Poisson function for spare provisioning. The concept of spare shelf

life deterioration as well as bunch effects (where a part in an equip-

ment fails, other parts are replaced, as well as the failed part, for

maintenance and other purposes) has a bearing upon the spare distri-

bution functi-ns. A mode of representation would be a two para-

meter Poisson .Jnction (called a compound Poisson function) in lieu

of the single parameter Poisson function.

Title number 31 illustrates the adaptability of the Black and

Proschan model for system design. A Monte Carlo procedure is used

to simulate random equipment failures. The equipment is simulated

by a computer program based upon a series parallel configuration.

As operating time increases, failures are simulated through the random

geoerator to determine if the equipment/system would fail. Down times

are cumulated as operating times increase in order to calculate the

system availability. The equipment/system simulation in the series

parallel configuration has the fault tree analysis characteristics

(various modes of system failure such as one, two and three ccmponents).

It is conceivable that the fault tree analytic approach could be a

substitute for the Monte Carlo procedure. However, by the procedure

described, the equipment/system can be analized for design (or re-

design) purposes or for provisioning purposes.

Title number 20 is a spare part procedure for new equipments. It

is a hand solution model. Given the components costs, the number of

like components, operating time and the failure rate for the components,
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assuming an exponential process and the adequacy of spares as having

a Poisson distribution, a model is developed. The model was designed

for equipments with a small number of components and sparing is based

only on critical items. A provisioning goal is set and based upon

a series configuration of parts and exponential process, spares

are added until a provisioning goal-has been met. In conjunction

with these computations, a cumulative cost value is derived.

Title number 26 is an expanded version of 20 above that was

written by the same author. A more detailed account is given in

this paper concerning the proposed methodology. It was emphasized

that the procedure does not rely upon an exponential process, in

other words; it can be designed for a normal, negative-binomial or

Weibull processes.

Title number 18 is concerned with the Poisson model on a per

part basis. A computer program has been written to generate output

at various confidence levels (i.e., .80, .90, .95). Based upon

a multitude of computer runs, charts have been drawn to determine

the number of required spares dependent on the confidence level

desired. The procedure does not consider provisioning effective-

ness.

Title number 7 is a modified Black and Proschan opt',.-, spare

provisioning model for equipments/system. The claim is made that

after exhaustive evaluation of the state of the art; the model

(Black and Proschan) is the most capable of providing the support and

trade off orientation required in the world of provisioning.

The methodology was computerized with some slight changes in the

model. The computer program was first written in FORTRAN IV for the

Honeywell 2200 for 900 line items. Subsequently, the model was

programmed to run on the UNIVAC U-494 and it was capable of handling

7,000 line items. Then, the Naval Applied Science Laboraties at

Brooklyn, New York, estimated that it would be possible to handle

30,000 line items on the CDC-6600 with running time over 3 hours.

The paper identified equipment for which usage data was collected

over a 1 to two year period for various equipments. two tables,
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a comparison was made between the conventional Navy procedures

and the Black and Prochan model for provisioning results, The

comparison was very favorable for the Black and Proschan model.

Title number 11 is a modified Black and Proschan model for equip-

ment(s)/system(s), tender(s) and depot(s). It is an expansion of the

Black and Proschan model beyond the equipment/system level. It is a

computerized system in the FORTRAN IV language and written for the 7090

computer. It handles up to 2500 line items and can easily be adjusted
to handle 8,000 or more. The model was designed to provide a pro-

visioning procedure for the AN/SPS-40 radar at the equipment (ship)

tender and depot levels. Over 12,000 part application and over

2,000 distinctive parts were involved. The input was the FSN or.part

number, cube, weight, cost, number of applications, replacement

rates and resupply procedures.

The program has the capability to set provisioning goals at

prescribed levels for equipments/systems, tender(s) and depot(s), and

cumulative cost, weight, and cube and a normalized provisioning

reliability function. There are options in the computer program which

allow for checks and verificati-, s of computerized results. The pro-

visioning probability calculations for the stock list of this model

in contrast to the standard stock list for the APL was extremely

favorable.

The shortcomings that apply to all of the Poisson models are:

1. The models must be adjusted to accomodate a multi-

mission provisioning procedure. The Black and

Proschan model is an initial type provisioning model.

To accomodate for follow-on provisioning in certain

cases, a modification in procedures may be required.

This would be true especially when the complete range

of on site parts was not provisionined during intial

provisioning using this model.

2. The models are restricted to part replacements being

distributea as a Poisson function. The models could

be more general, certain failures for parts could be

normal, compound Poisson, negative binomial or

Weibull. Accomodations for such functions do not
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exist in :he models.

3. System availability calculations are not in any of

the models.
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Section VI

Rank of Applicable Models

Based upon the Scope of Effort for the task (Section III) and

Description and Evaluation of Applicable Models (Section V), it is evi-
dent that there are shortcomings in all models that were found.

The reviewed models were designed for specific purposes. Some were

designed for sparing a hull, others were designed to be simple to under-
stand and apply, others were designed for table lookup or to be hand calcul-

ated, others were designed for sparing at the equipment/system level and
others were designed to comply with budget constraints.

The purpose of the effort of this task was to find sparing models

for electronic equipment(s). This would tend to restrict the problem
to the area of low demand rate items. Low demand rate items, as far as
provisioning is concerned, usually are depicted in terms of a Poisson

function. Other functions, such as the compound Poisson, normal and
negative binomial may apply. The above functions were found in

selected models but the model designs did not completely meet the scope
of the task for models as described in Section III.

The selected models have been ranked based on the criteria of
factors described in Section III (Area of Task). Provisioning effective-
ness was considered the primary factor in ranking models in that a mission
could be seriously affected due to the lack of parts. The use of a

model which employs the provisioning effectiveness concept affords a

measure whereby a missions success can be gauged for equipment(s)/sys-

tem(s). Cost (as well as weight and cube) of parts was considered

secondary in importance. A model with a cost (weight or cube) limiting

feature that lacks provisioning effectiveness lacks dependability.
Regardless of the model that is employed for provisioning, it is nec-

essary to comply with the Navy's supply procedures. In effect, unless

these procedures constitute a major problem for a provisioning model,

they would not be considered significant, Provisioning for tender(s)

or depot(s) is ccnsidered secondary to equipment(s) provisioning. If
a model has this capability in addition to equipment(s)/system(s) pro-

visioning capability, all else being equivalent, the model would be
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considered a superior model. Table I (Criteria for Models) depicts

the criteria as applied to the models that were considered applicable

for consideration. The ranking of the models are as follows:

1. Title number 11 (Poisson-Computerized)

2. Title number 7 (Poisson-Computerized)

3. Title number 31 (Poisson-Computerized)

4. Title numbers 20, 26 (Poisson-hand calculation)

5. Title numbers 36, 37, 38 (negative binomial-POLARIS model)

6. Title number 9 (FMSO model)

7. Title numbers 40, 15, 61 (FLSIP model)

8. Title number 60 (normal model-needs further development)

9. Title numbers 13, 30 (normal model-hand calculation)

10. Title number 13 (normal-hand calculation).

Title number 11 comes closest to meeting the requirement for the

scope of effort for a model. It provides for provisioning effectiveness,

calculations for cost, weight, cube,provisioning at three levels of supply

and accomodates the Navy's supply procedures. However, it does not encom-

pass multi-missions. Based on the provisioning goal assigned certain

parts may not be provisioned on the first mission, especially for highly

reliable equipments. On subsequent missions a procedure has to be set up

to cope with this situation.

Title number 7 is similar to number 11, in that it needs to be

multi-mission oriented. A major difference is that it is limited to thE

equipment level. There were no indications of calculations for weight or

cube but apparently that would not be a problem. However, the provisions

for the Navy's supply procedures may require a certain amount of computer

program adjustments.

Title number 31 is a procedure to imorove system design for the

purpose of enhancing reliability. The purposes is to detect reliability

weakness in an equipment/system. The procedure employs the Black and

Proschan model with the Monte Carlo feature for simulating failures.

It is a computerized model, requiring a simulation of a system (in terms

of fault tree analysis, where a system is laid out in series and parallel

configuration) for analysis. However, the range of the model is limited

to small system. Although the model was designed as a tool for enhancing
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the reliability of an equipment, it is adaptable as a provisioning

tool.

Title number 20 and 26 are hand models that are suited for small

equipments.

The POLARIS model is prefered over the current Navy's procedure

in that it is more flexible. The provisioning procedure for parts for

the POLARIS model are refined through the use of the coefficient of

variation and the military essentiality ratings. The POLARIS

model is budget oriented and provisioning is geared in that direction

rather than upon mission success. The procedures for POLARIS and

FMSO are not that much different conceptually, except that FMSO relys

upon the normal and Poisson functions for provisioning whereas the

POLARIS model relys upon the negative binomial function.

The FMSO model through the use of weighting factors (assigned

through the t value) give this model a depth of provisioning capabiltiy

not possessed by the procedures of FLSIP COSALS (based upon OPNAV

4441.12A and the APL). Under the net effectiveness procedure for a

COSAL for both models a kind of mission effectiveness is achieved

(the net effectiveness is the demand satisfied divided by the demand

received of requisitions for load list items).

Title number 60 has shortcomings which are listed under normal

Model in Section V. These shortcomings apply to the underlying con-

cept for all title numbers in this group (13, 30, and 60). This,

in addition to the difficulty in administering and interpreting results

is cause for not recommending the methodology.
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Section VII

Conclusions and Recommendations

No model was found that would be general enough to meet the complete
requirements for provisioning for electronic equipments/systems.

Models that have favorable features have been found but no comprehensive

model was found. The most applicable models that are available are

those described under Poisson models. To meet the needs of a general
and more complete model, the following modifications should be incor-

porated:

1. Provide for provisioning based upon the multi-mission

concept. The sparing procedure for this concept should

take into consideration long life items and those items
that are not spared on previous missions. The multi-
mission concept is not incorporated in the Black and

Proschan model, under certain conditions, provisioning

could be seriously affected, if the model was used for

restocking.
2. Provide for a Monte Carlo procedure to circumvent the

initial provisioning restriction of the Black and
Proschan model. Component failures could be simulated

for an exponential, normal or other type of combination

of processes for spare parts provisioning.

3. Using the coefficient of variation (the ratio of the

mean to the variance) for a test for unit provisioning.

This would expand the capability of the model so that

parts could be provisioned based upon the Poisson,
normal or other distributions.

4. In order to provide for a bunched effect where the
replacement of one unit leads to the inspection of

other units and possible replacement, a compound Poisson
distribution for parts replacement should be used.

A procedure for estimating parts that are subject to

such replacement should be set up and identified so that

the information can be incorporated in the model.
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5. A procedure should be incorporated to allow for the

provisioning of long life items. This could be

accomodated through the multi-mission procedure

described above.

6. Provide for inputing to the model the necessary data

to calculate availability and operational readiness.

7. The Poisson models have cost, weight and cube cumulative

features. These values are cumulated as parts are

added to the provisioning list. Occasions may arise

where the minimization of cost, weight and cube would

be required. This could be accomplished by the

following calculations where the calculation for pro-

visioning purposes is
MAX (APROBi

AX(.ACUST1

where APROBi = incremented probability associated

with the i-th spared item

ACOST i = cost of i-th item

(APROBi\
MAX ACOST=J maximum provisioning probability

-- for the cost increment

If minimization of weight and cube are desired WEIGHTi
and CUBE i would be substituted in the denominator.

If the minimization of a combination of the three factors

were desired, the following formula could be used

MXAPROB i

MAX WT1 .ACOSTi + WT2 . AWEIGHTi + WT3 * aCUBE i

where WTJ, WT2, and WT3 are assigned weighting factors

for cost, weight and cube respecttvely and where

6COSTi = propnrtlon of the total allowable

cost of the i-th item

AWEIGHTi = proportion of the total allowable

weight of the i-th item
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6CUBE i = proportion of the total allowable

cube of the i-th item

&PROB i = incremental probability associated

with the i-th item

8. Provide for a simple and effective hand or table lookup

solution. Those model- (title 20 and 26) that were found

and listed under the Poisson model would have to be made

comprehensive and effective.

This task deals with the selection of the appropriate type of

models to be used for provisioning of electronic equipment(s)/system(s).

A review of the literature has lead to the above recommendations to be

incorporated in a proposed model. If this task is to be pursued further,

the outline of the proposed model above will have to be developed into

a detailed procedure and thereafter tested and implemented. Using the

computerized model depicted in title 11 which comes closest to approxi-

mating the scope of this task and the modifications recommended above,

a comprehensive and versatile tool for provisioning electronic equip-

ments/system would be available.
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Literature Evaluation
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Literature Evaluation

Form B

Only title numbers applicable to the task

Assignment are listed cn this form.

VIII-15



Title No.

R. D. Lutz

F3 eet LC' :2.S- 2& .

Model: Spa re p r3 viscin~,:< of*. n,' P'r Os ch- (P n
p rC 0 c s)

Input: Failure ra-tes, cc'sts

OUtyut: Equip: L-it/ytE; effect-iv,7.c--s- vs. cc!sts

s: o! 1 . ,I c L s C S ,C ':>m tc': c r

seor ie s c cn u r'in t~ c, civ, c c- fx L

iveness f or -,quji2'1 s ,&se.c

VORM B
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Sujet itial Prcvi siC fiin with S-prc o rca o

Literaturc Source: Opierat io:-.f- :rc, ol. 15, Y'a 1967, initial

S c 1 c i t ,cr

Furpcsv: A study to di tc7. inc t! t~ c,;tii~ t sals
a sparc ,flrt : p' , c,:." i m :r i, T

BakrudSpare Ito'.sic:i- TrO '-:,e. nuz all' ati-27e tl at
(L -pro; C. 1 _t "t >c1 T , (2) s-.are -arts
have 0., f i t,,r ,.s t partc .n usc .A

stu, ~':'~ ~'* t~tn a~raIla-rCunt Of sparc
oc ~ ZCEiorr _v :orio _ dero-i I f

svstc:. IrIIA ilt.

Model: System cf N, ic~lt' c; ch a.tjn ini*tia iS uppl o
p at. h art,_ ~r i~o to fail r4 e

PCr. unt li ech' witi ac -.i:.tUlurc rnc ,:h4i'e
tL.~ s~arL ~ .rc~ ~ dto c 2l~epnc~l

With a cons t...nt r r,-ccnound Ploisson
function iu-,,d r tti'~ Lt -pr dth.

Input: Failur.- rj-, tl , I- 1 _r ?- ,-s four sraro cuiprents
(wLoiFhti ) pr. bo,-b ty 1 ovisioian- goal fc~r

ecjui~t, zp( rati t oE~

Output: Equipm~ent sparcs f or operatine t ime (t).

Conrments: A graph Ic Tr, t lo for e, : trrnfi:ir.?c spare req'uJ re- ents
nccessiiry for i -i5 ,.0f Spe~cified ori tin-e
With a prc-ict prob.! Ib t -r c,'i s io ri rA oc l1. Hand
calculat ic !U are cu.- t & E- req L.rir. ; irntc-rpoiat7-Jf.

Appliciblo tc r-l i.1- e qu41-itnts rtq(uiir.F, a
small ru.u:t.r of sa .parts in that the calculations
are c~hrst'

FORM B
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Title No. 9

Sub~tENISO Lood Lis;t -cdol

Liternt tr2 Sc~rce2: Load Liit: MarTiu.'1, Navy Flect !aterial Sup~crt Office,

Purp~s~: Provicle ] c:d j ist. uf t t cfor the three evl of
mrateriLA. st.r 0r 1 e I r l iicc
SUI)poCrt. fc'r,- cietd.crc aCt;c>, ddcss

that serve to -.up.:ly tne otI:cr tw,,o levrlIs

B a c krow A mothod sir.p ic c-nouil-I to ur.crstand aniE apply was requirce

Mode].: Load lis.t is bac1Tmo-i r_,e- Cca wivcd Lr2 istorcr1 
deanid Cc-., ps icln :icl,6 dccun cchrn-c 1
OVCeraut2,. 2 tn h' a~ic&: nd vcrjut.:'~ in 01.3-1
for spcfist: '.~ ; l: i sts Cr calcui te
bascd upor, L.-, cc: .d~~: on diH. iLrP-,.tions. I
criticnIli tv. of I IS a risk factor whici is
used for gEnc rat in- rnc 1cJ]fts.

Innut: Average demand (3 month), variation in demand, number of
applications, risk control paramcters

Load lists for indivfduJ. ship-s, mobile. lcgist.Lc S*armncit
force and celectcd s*nore. acL iv.!tics acdi doots -

Corrz.cntc: No overall protection level is obtainable under
this procedure. Relati4on between cost and rission
effectiveness Is not obtair~ablc. Sparing is, on a
per item cr unit basis, dependent upon de-mand, de-mand
variation and risk control (weighting) Farameters.

VIlI-18



Title No. 10

S ub j cz: FDM Io I -i :3 t predi Ct i'of I D,,:(A

LiteratlUC SOUIrCe.: ALRAND! w:cr!:iAtc r.r crlid um:2c- load 2 i.t PrCdI*c~i-Cn

model, 20 :*uay 1977

Pups:Provide Ttendor icacd list cun4t:::es for use- durin., ti-
provisic::iin,; of SZ-.12. f,,r ,2huri Xct-,icc

electronic or o uc ceV~:t

Back~pround: The TLL, (Tfender LcZu' TLiSt) C,-- ao Urs11l :cr,, f L C<

with orgne rcV sc'f~e
shortages c.s;'I.£ci:c e c~.
equati-on or tablc !:o detc: pzu -rc:.

that Will be easy to use Cr~ n r-ct

M~odel. The procedure is based on the QAD (quartcrly average
demiand) Where. itezns h,-ave a rodhisLory t c or
more years. Vhere historv is l£aci:irn2 ese is c the proc-
duct of the 1. (Iest rei:,e!e -trctcr) arcl th n rD-
ulation to besup-pertcd. The esnditi'
assumed to be descriptive wnI-ere the forocaSLed Q is ore
or less and the nrmrral distributicr. is assu-ned whlere tlhe
QAD is greater than one.

_Ptt QAD'S, 12Y''s, nu:,.ber orI part npplicptiors operr rc
risk control parcrT..e ',cr ,

Outpit Tender load lists with and ,.,4thout ccrstrairts on pr- cc
and stockjing levels per part t,,p,.

Cor,. .,nts: This procec2ure is a suppicrOnt to the tcndcr Icr .e list
C o:."pucti:u .o-r Tht r,) eCL~urc hi~s the err icr C,;
iMfPOS l',) arbrit r -Znri--!ts Suc asI '-- 'uxcSv A 100 Cf
Per unit/fifty 'cltzcir. h loa d lis, Jevels arc

depondent or. tho -,jocdr:', coTntrolprate hh

is an irput of tho udl
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Title No. 11

SictStock Iit prevCI.- f-ilni, pcc'u with oI(-r -cl- A;/SPS-4O

I Iverat ucc FSorce: TCchIIcal 17C pc': t nuLrC?(.i1stocck list provisioning,
Iaocc,',:u v-ith Ucta--2cJ AN;/SI'S-40 radcar ap1icc-tion
Arthur Rupp

__1__u22-SL A logistic study tro dete r-:Ane the procedure euie to
estaiblishi a spare pa.-rzs orvzcnn ist and to
c( eiou; a col:.-nuzer prcg-.am for purfer-.ning thei iir-cessary
calculaticns.

Lacro i n d: DurinF the porforrannca2 of oquij.,1enz evzlu-nion by the
elect-ronics mr.aintenz.ner isarC centcer, -Ir was found
that a vajor SoCurce oUc* ::c:tisr'c fr= n Tade-
quate logistic suPC-rt. T he lorstic prcllc. was foun-d
to be acut? onl tile 2AI-sP- 4O radar system.

r~odel1: The provfisirg proc,'ui'ie is based on the Poisson
prebii1.ty Io Vtic:I -' sassn:-cU' tht .I r.at parts

1, av c a su c- j r~' i trhCa':f part S re added
to th12 C Cl_*niur ' ill -'ta Us util L p rcvisioningI a- hc!§Ls, .7 co vc en i r Cu Uut a:I i". t.y

(O.g. i'l'Vs)enLj ±eve fcc 1t~~a .90
for a 3 .;ubstock- nOrie f or 11ts . Z or 6

mon.hS for 6 cnl;<t cr * for one-
year for 1;2 foiVets r tII&d nt

Inu:Port typc, pa1'.rt ua ,cube , %-c- pricc, n.brOf aplg I-
cations, rlicrr rc-tocs, .:pnTrcvai~i'lS prob-

akliy .o 1(fCccuv:cn svo pot, icpot) for
EpC i f i vC c an L t Tes .

Output: Stcak 'or~ n ' 2at sub-depot, and dopot with the
acsLociati:Ld j:.i cc, ,'uobeL and weighnt.

CoT-.!,nt!;: I-ithi i:,inor ~df.,tasthe ccinputer pre -ran can be,
adutod to' '' p'cvis ionra prebabil''tv rais with

.coFIt liu''1'1eatiure, Vithi repair t!; no data,
theenent~-il~ dhcs ofth cquipmont cnn be

detcr,;.cd t iru tiW cor:iutcr run.
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Title No. 13

Subject: Technique for Determining the Number of Spares with
a Prechosen Probability Level

Literature Source: Tenth Annual Reliability and Mathematical Conference,
Annals of the Assurance Sciences, Anaheim, California,
1971, N. E. Lynch and R. S. Norris

Model: The basis of the technique is that the density function
of a sum of independent random variables approaches

the ncrmal density function regardless of the type
of density function each of the variables had.

This assumes a sparing of unlike equipment for differ-

ent operating time at sites such as a depot. Pro-
visioning goal is set. No cost optimization procedure.

Comments: The method is cumbersom. It needs someone with a

statistical background to interpret the results.

FORM B
. . .. .. . . .. .. .. .. .. .. . ....... .. .. . . . .. .. . . . . .. . .l 2 1



Title No. 14

Subject: A Methodology for estimoting expected usage of repair

parts with application to parts with no usage history

Literature Source: Naval Research Logistics Quarterly, Vol. 17, Dec. 1970,
S. E. Haber and R. Sitgreaves

Purpose: Develop a sparing procedure for part types that have no
usage estimates

Background: Handling usage estimates with zero values over long
periods of time

Model: Repair part demands are assumee to be Poisson distributed
while their neans are assured to be Gamma distributed.
Alike type of items are pooled for estimating usage
rate for zero demand items.

Comments: The method is peripheral to the task assignment.

FORM B
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Title No. 15

Sublject: The alhor.',ance parts list

LiteratureSouirce: Nec'slettcr, Dcce--tcr 195 R. G. Hakemian

Purpose: Defining the prccdurcs and pj4iosophy involved inl

gcncerating the allowaince parts list

Backgound:Procedure used by Na3vy for generating shipboard parts

list.

Model: Procedural model

Comrents: Any c~nring m~odel focr the ~v wiotlcl have to con~sider
thce proccoiurk,3 -n :ccrt s e-cribed in tbis
write up. Procc,-ure, are required for the tank
assigrnent.

F10ilf 13
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Title No. 18

Suject: 1ReliabiliLy Appro~ch to the Spare Pcrts Problem

Literature Source: George H. Ebel and Andrew Lang

Purpose: Develop a procedure whercby unlhilled perFonnel, using
charts and tables can select the nu::ber of spare parts
required to support a givn program.

Model: Poisson function for provisioning of parts

Input: Failure rates, applications per part type

OutPIt: Spart part number per part type

CcriienLs: A procedure using graphs has been developed for
calculating spare pait needs. Confidence limits
have been calculated to determine whether certain
part types may fall critically short.
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Title No. 20

Su 1 C- Ct: On optlmal redundrcncy

Livernture Soe-ircez Operations Research, Vol. 7, 19M' , Guy Black and
Frank Pros chan

Purpose: Provide spare part kit for new equipment

Model: A complex syf-,tem is to Le placetd irn the fi 'eld -',r a fixed
perod. During tblc nperind onliy te s-r~ n ially pro-

vided may; be used to replace ccr~.eorcnzs tinzt i--ave foiled.
Indepen.-Icnce of failures is assu~rcd aro2tee escential

cc:~nt;co-.iridcrfd. Giver, "he cost of co,7:noncn ts, the
nul ,e: of like co:.::ponc-nts or l t-,-! 1-11] DiaUSIY
oLoer,:ting thco 1 di L of op.erzticon sc-edulr d for each corn-
po.ent, the f :iure distri-butions 0of coT'ponents, a

genraI;ti.L2 ,t~icaI SOIL-Ation is obtriincd for tie- Corp-
osition of tthC: sparc parts !it 1:1t4,ti27 :zc a!surnance
cf ccntinuccd c~'erzticii during the ii- s-jb~cct to a
fix..cd budigct for Ers xpl.icit ca'1sarc! cbtained

i., case o.'- ey:pcnentl-l failure d iszribzuti cr, ocr.-
)tut~ roc- lures in thc casa o': vno t mo I ilII!- o hod

ra t ic &;s I. e~. F cr t U 1at elv ce i C:r-- r_ C :: tir:-
0~~ (.e1 aI' "1ei n C: 0t.c r :.r.:44- ' th ci(:;a Jic ,ie

of reei:nchI,-.c3 in de:;.igning sysrem re'liaibJ*I.Lty under a
wuight or ccst restraint.

Cor:.ents: Pofsson provisioningc with equipment represented by
series configuration. Cost minimization also derived.

F011111 B
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Title No. 26

Subject: Spare part kits at minimun cost

Literature Source: Proceding - Fifth National Syriposium on Peliability

and Ouality Control, 1959, Guy Black and Frank Proschan

Purpose: Provide spare part kit for new equipments

Model: Poisson function with equipment represented by series
configuration

P(x) =(xt)Xe TT E x!

where: P = provisionin.g probability goal
r = part type size
n = depth of part type
x = part type
X = failure rate of part type

t = ime (operating)

Inp: failure. rates, part type, price and no. of speratiag
hours, part type size, provisioning goals

Output: spare kit for specified operating time with a cost
evaluation procedure

FORIM B
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Tlitle No. 30

Sub iect: Spares zir Sm t:& Avai1ility

Literpture Source: Troceedlr. zs, 1976 Annual 1Reliiabllizv zand Malntzin:;bility
Sy7PGsiur., Wm. J. Vorden Boasch

Purpose: To predict the cxpected '.su;availzabili-t\', nun..her of
hours bet~tecn restockirn,- s, Lrzs, aarof spares, nec-
essary, expectcl time svcLc-::- will be dcw.,n m:dinimiize
cost.

Model: Technioc fcr ckcterminin2 Li.ca .-.uv~bcr of spare-' necess-
ary for a svstEx-:, er -7rours of ste utilizing .1 pre-
chcs~n probablility le~vel th-at silfricicnt spare s would
be available. The basis Cc- this t .c.xi'ue 'as tl±:,it the
density functlcr. of a su-a ofTdpe~a ra~; ai:e
approaches tlhe nor:: a-l c i ~ c, rsrict the
type of Oensity function each, of' the variables had.

Commen ts:. The claim made is the methc ology and a'I ication is
sim~ple. This is nut truc but the apprcalci: is interesting.
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Title No. 31

S jC t: A 'orntc. C--rIc p proach to Spare Provisioning

Lt r ,it vrc S u r c e . . J. Sebeny

Purpose: Simulated teclhnique for stoclhing ' quipmcnt (s)

fla~goud:The prL-Lran ee.-.crfbc-d- in the papc.-3 illustrates a nathod
of provisicn.iln2 sres :cr a ::;,,-*-cm or.e thre basis
of th~eir irz: t c:, s',- , c:- x-'mizi Ii ty aait c.-t. T: rou Zh
the use of a h:onte CaIrlc te~chni.que, a widc varlety. of
systemn confi li[.Zicns and ri-ctnzircc 1uractfLeCs can be
sim-ulated adana>- .'zcd. Also, by v~ivn a com-uter
gcnerated tzabi--- dcscrIb-:'ng system .ucc('ss as a function
of naesystatus, tmin-PIU Leta recuircd . use the
prcgv;3n- is s --'tl 7 -)~I i Ce. rInput d"ai user"
or.LonrLed re :irir.- cmJy nc:ldz c svstomT Operation
and xmaintcnnncE -variacce ttin, use of th-e
pro~ran oy personneul of v,,rc,:dis, ilines.

I'odel: Simulation, inonte carlo techn :Ique, p robab-*lIfst'm using

Poisson function and fault tree type of model for the
system.

Ipt: Failuve FRates, repair rates

"1 Lu t Systenm relia' Ility' and ava ilab-ility

Co0 1-1 ts FIt is necessary to dc s'olop a computer model for each
cquiptient. -Inc methodolo-v icl that !7c:se is not gen-
eral enough 2n that' thc-,c conputer meidcls of the system
may be extensdve. The limits of a computerized model
are restricted. This restrfcts the s1-zc of an equipmert
to be nandled.

17(M),, B
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Title No. 32

Subject: ~~An opt!-,..;! cx~oIis co

Litera-ture Source; Mina Haskino

Purpose: Tbe pim:n~ - : c:r we z,-1 can 1-1 Evt-.tt C as fl .
lb;;, dccs: onc :~c::~ L~.avc-sal' w:t : sr

f CU I) C--T to th d,
space? 11i i ca Lai 1s a 01c c i c :: cn c z.aa cc.-
ities to b> carried , :'ie ar:I o:oJ ofo:odc -c
be stoclIzc-J, on-1 tl~e re-,,tlve ~. ht (Ie rj tarv
wort, I i Ctc) to 'oiven ench c;idt, ltjct to 'irE
overrilin-w consu craticns :~ne In tlJ ls p x,-.cr vtw
shall OL~;Zto tria asc'- ~ . t.1c1~~ .-'Ors-on o

* ~~~this po e;by' a ticgtbe :xcdJto :,mre
complicnad st~vcs

Moe:Expectcd Uo.inciiral distrb--it.4an, lag7ran-e v it iall !rs
for optl-. 1 -- rh,,n i ;:l ei-hti:'g factors to conisicor cL'-

input: Expccu d>-an for m>;-sicn, rn~al ainbccosL, .O
or cv.'.c

Output:Part lists with constraints of cost, weight. or cuve



Title Nos. 36-38

Subject: POLARIS Logistics Studies 1, 2, 3
Study I -- Military Essentiality System (AD 603 385)
Study 2 -- Allowance List Input (AD 294 633)
Study 3 -- Logistics Model (AD 416 391)

Literat, Source: Defense Documentation Center, Defense Logistics Agency,
Cameron Station, Alexandria, Virginia; by Marvin Dinicoff,
Joseph Fennell, W. H. Manlow and Henry Solomon

Model: Sparing based upon de::-and ra:e (2-3 rionth basis). Using
the negative binomial demand model and coefficient of
variation. Sparing is on a part basis by means of table
lookup. Scaling factor and essentiality factors have
been develcped and proposed for use.

Input: Demand rate, variance, price, weight, cube, holding
cost, shortage cost, scaling parameters, essentiality
factors

Output: Spare parts for part types, cost, weight, cube for hull

Comments: Sparing is on a po'rt basis

FORI B



Al -A

litle No. 40

Subjcct: . N.V Instructicr. 4,41. L,., Chic Transmittal V2

Literature Source: Department of the navy, Office of tha Chief o, '.val
Operations

Purpose: Supply support of the operatiig forces. To pre-

scribe range and depth of n,atcrial to be carried

by individual ships.

Model: ilcuristic model. Range and depth of provisioning

based en definitions of (1) demand based items,

(2) military essentiality, (3) low demand items and

(4) net effectiveness concept.

FORM B
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Titlo 1o. 60

Subj cc t An Lc1ainof n chJu to Dc-tcrnine its
Applicability (1973)

Literature Scurco:; Naticnal Technical lnforv~atior. Service, U. S.
Department of Conmmrce, Springfield, VA, Ronald

13. Oglesby

Purpose: Calculate number of spares n~eoded to m~eet a predeter-
niruc.c probabi lit y projection level with a minimum
of systcm doun tine

Background: Evaluation of a technique based on the central
lim.it theorem

Model: Norrpal model based on the central limit theorem

Input: Number of systems (or parcs), tire (operating), u~earL
of different processes.. associated variance third

moment, arid the desired probability level

Output: Probability level, number of spares per system(s)

-tR T1



Title No. 61

bubject: Logic Chart Computation of FILSIP COSALS

Literature Source: Navy Fleet Material Support Office, Mechanicsburg, PA

Purpose: Describe procedure used for comp-onent provisioning

of COSALS.

Model: A model based on demand or expected deirand and the

Poisson functicn for dcterminir.ng depth of items.

Input: Eest replacer-ent factor, deriand(s), various restrictive

criteria on demands

Output: Range an6 depth of provisioned items.

FORM B-- -- -.--..=----- --- - VIII-3.



I Literature Evaluation
Form C
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Section IX

Gi ossa ry

Allowance Parts List -The technical portion of the COSAL. Identified
(APL) by individual equipment. The parts which are

candidates for ship's allowance,including initial

range and depth as well as maintenance and supply

instructions for each part.

Availability -The probability than an equipment/system is

operating satisfactorily in time when used under

stated conditions where the total time consider-

ed includes operating time, active repair time,

administrative time and logistics time.

Best Replacement Factor -A usage rate which represents the best estimate
(BRF) of annual usage of an item for each installation

of that item. if the BRF is 1 or greater for

a 90 day period it is considered a demand item

if it is less than 1 but greater than .25 for a

90 day period it is considered as an insurance

item provided it is critical for a ship's mission.

Coordinated Shipboard -Document which lists the equipment, components,
Allowance List (COSAL) repair parts, consumables, and operating space

items required for an individual ship to per-

form its operational mission.

Critical Item -An item considered vital for the success of a

mission/or function of an equipment/system.

DRP -Average demand rate per part.

Demand Base Items -Those items used aboard ships at least once during

a 90 day period, has a .90 probability of filling

total demand for these items over the entire

operating period.

Depth -The quantity of items on a load list.
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FLSIP -Fleet Logistic Support Improvement Program.

A procedure which incoporates the requirements

of OPNAV 4441.12A and the APL for stocking at

hull (see procedures in title 61).

Follow-on Provisioning -Subsequent provisioning for an equipment/system.

Gross Effectiveness -How well the load meets the demand for all items

whether they are involved in the range of the

load list or not. The gross effectiveness goal

is set at 65%. Gross effectiveness is calculated

as the demand satisfied by the demand received

of requisitions for load list items plus other

items.

Initial Provisioning -The first-time provisioning for an equipment/

system.

Insurance Items -Those items which a demand of .25 or greater

usage in 1 year but less than a demand base

item. It will be selected only if essential

to the support of equipment considered vital

to the ship's mission.

Long Life -Those items having a demand .25 or less usage

in 1 year. These items are not stocked aboard

ship.

Military Essentiality -Currently there are two classifications under
Code (MEC) this class of items -- critical and non-critical

with most items being classed as critical (over 90%)

Mission (Reliability) -The probability of non-failure bf the equipment/

system for the period of time to complete a mission.

Multi-mission -Subsequent time periods (missions) within which

an equipment/system would be operable.

Net Effectiveness -How well the load meets the demiand for items on

the load itself. The net effectiveness goal is

set at approximately 85%. Net effectiveness is

calculated as the demand satisfied by the demand

received of requisitions for load list items.
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Normal Usage -Peacetime operating stock level.

Operational Readiness -The probability that an equipment/system is

either operating satisfactorily or is ready

to be placed in operation on demand under

stated conditions. It would be represented

by reliability times availability.

Provisioning -A process for determining the range and depth
of support items necessary to operate and maintain

an end item of material for a specified period

of time.

Provisioning Effect- -The probability that sufficient spare items are
iveness available at a site in order to meet a pre-

scribed probabilistic goal based on a stochastic

model.

Provisioning Level -A probabilistic value assigned for provisioning

an equipment(s)/system(s).

Range -The variety of items on a load list.

Reliability -The probability that an equipment/system will

perform satisfactorily for a given time when

used under stated conditions.

Spares -Items that are to be used as repairable items.

Technical Overrides -Those items used to support newly deployed

equipment and to support critical equipments.
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Section X

Bibliography

The following abstracts were reviewed for source material which
served as major source documents for literature evaluations.

Science and Technical Aerospace Reports -- 1974-79
Institute of Electronics and Electrical Engineers (IEEE) --
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Operations Research -- 1974-79
Proceedings of Reliability and Maintainability -- 1974-79
Applied Science and Technology Index -- 1974-79
Naval Research Logistics Quarterly Index -- 1974-79
Mathematical Reviews -- 1974-79
Dept. of Defense Bibliography of Logistics Studies --

1977-79
Defense Document Center, Logistics Agency, Report on Spare

Provisioning -- 1979
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Appendix A

Applicable Literature Source List

Listed are the literature sources (called titles in section VI)

that were selected as being applicable and related to the task. They

appear under a separate cover but the title numbers and literature sources

are as follows:

Title No. Literature Source Author

7 Provisioning for Electronics Equip- R. Powell and
ments/Systems R. Lutz

8 Initial Provisioning with Spare Paul J. Schweitzer

Deterioration

9 FMSO Load List Miodel

10 FBM Load List Prediction Model (for
Tender)

11 Stock Provisioning Procedure for the Arthur Rupp
AN/SPS-40 Radar

13 Technique for Determining the Number N. E. Lynch and
of Spares with a Prechosen Prob- R. S. Morris
ability Level

14 A Methodology for Estimating S. E. Haber and
Expected Usage of Repair Parts R. Sitgreaves
with Application to Parts with no
History

15 The Allowance Parts List

18 Reliability Approach to the Spare C. H. Ebel and
Parts Problem A. J. Lang

20 On Optimal Redundancy Guy Black and
Frank Proschan

26 Spare Parts Kit at Minimum Cost Guy Black and
Frank Proschan

30 Spares and System Availability J. Vanden Bosch
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Title No. Literature Source Author

31 A Monte Carlo Aoproach to Spare Pro- R. S. Sebeny

visioning

32 An Optimal Allowance List Model Mina Gooray

36-37-38 POLARIS Logistics, Studies 1, 2, 3 M. Denicoff,
J. Fennell,
S. Haber,
W. Marlow,
F. Segel,
H. Solomen

40 OPNAV Instruction 4441.12A, Supply
Support of the Operating Forces

60 An Evaluation of a Technique to Deter- R. D. Oglesby
mine its Applicability

61 Logic Chart Computation of FLSIP COSALS
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